Abstract-
matching becomes an issue, when a 50Ω-MS-line feeds a patch antenna directly. The MS-line inset feed takes care of the impedance matching and also has an advantage that it can be fabricated on the same substrate layer, facilitating the direct integration of monolithic-microwave integrated circuits (MMICs) and active devices, retaining the planarity. However, an inset feed introduces a physical deformation in the geometry of the antenna, which makes the antenna asymmetrical. Consequently, the cross-polarization level increases [2] , [3] . Rectangular and Circular MSAs have been designed with simple MS-line feed (without an inset), which have reduced cross-polarization [9] [10] [11] [12] [13] . Also, detailed investigation of various resonant modes generated in a shorted MS-line fed square MSA has been reported in [14] . Recently, new configurations of probe-fed MSAs was reported [15] , [16] . These antenna configurations have reduced cross-polarization in H-plane using a pair of symmetric circular clusters of shorting pins [15] and array of shorting pins along with a pair of shorting walls [16] .
However, both these configurations do not retain the planarity.
An HMSA configuration is an approximation of a CMSA [17] . It is advantageous to obtain broad BW, as compared to the CMSA because its straight edges provide more coupling between the parasitic and fed patch when used in gap-coupled broadband configurations [7] . Two HMSA configurations are feasible, depending on feed are placed across the X or Y-axes. HMSAs with simple 50Ω-MS-line feed, without using any external matching section or inset has not yet been investigated. In this paper, an investigation of both the shorted HMSAs, using a single and a pair of shorting posts, which are fed by 50Ω-MS-line, have been presented. Analysis of both the shorted HMSAs has been performed at modified fundamental mode frequency in regards to the different positions of shorting posts. HMSAs with the pair of shorting posts gives more than 20 dB suppression of cross-polarization level in boresight direction in comparison with that of a single shorted HMSA, in H-plane. This suppression is 10 dB higher as compared to that reported for the RMSA with a pair of shorting posts [10] , [11] . Simulation has been performed using IE3D software [18] . Theoretical and measured characteristics of these proposed shorted HMSAs are in good agreement. These proposed configurations can be suitably scaled for use in various communication systems.
II. ANALYSIS OF AN INSET FED HMSA
First, an analysis of a conventional inset-fed both HMSAs, with the side length S (as shown in Fig.   1 ), is carried out. The conventional inset fed HMSA structures are realized using Arlon substrate with εr = 2.5, h = 1.59 mm and tanδ = 0.003 at fundamental mode frequency FF = 1.8 GHz. The side length of HMSAs S = 32.8 mm is calculated using formulations given in [7] , [17] . Along the X and the Y-axes, two feed positions can be used for excitation of the dominant mode of the HMSA, as illustrated in Fig.   1 . The vertex input impedance of the HMSA, as illustrated in Fig. 1 (a) is higher than that of 1 (b), which typically varies between 400 to 500 Ω, so it is required to use inset feed for 50Ω impedance matching. The 50Ω-MS-line across the feed point has a dimension of Ls × Ws, while, the length and the width of the inset feed across MS-line is Ln × Wn, respectively. Thus, Ln for Fig. 1 (a) will be slightly longer than that of Fig. 1(b) . The inset feed realized by concerning a notch length (Ln) and width (Wn), that leads to introduce a junction capacitance [1] [2] [3] The simulated reflection coefficient plots for HMSA fed across the X and the Y-axes, are depicted in Fig. 2 (a) . Fig. 3 illustrated their respective radiation characteristics in E and H-plane. The simulated fundamental mode frequencies for configurations with feed axis along the Y and the X -axes are 1.795
GHz and 1.801 GHz, respectively. The surface current plots for inset feed HMSAs have been depicted in Figure 2 (b) and (c) for feed along Y and X, respectively. The resonant length of the HMSA in Fig.   1 (b) is slightly smaller than that of Fig. 1(a) , thus the frequency of the configuration of Fig. 1(b) , which is fed along X axis, is marginally higher. The radiation patterns are in broadside direction with increased cross-pol levels. In case of inset fed HMSA along the Y-axis, the simulated E and H-plane half-power beam widths (HPBWs) is 108° and 79°, respectively. Similarly, for the case of inset fed HMSA along the X-axis, the simulated HPBWs in E and H-planes are 106° and 79°, respectively. From the Table I , it is noted that the configuration with inset feed along the X-axis has a lower crosspolarization level as compared to that fed along the Y-axis HMSA. With inset feed, both the configurations are asymmetrical, but, in the latter case of the feed at the vertex, very highly concentrated electric field gets perturbed, leading to increased asymmetry in the E-plane, increasing the cross-pol level, thus, a lower CTCR in H-plane. In higher frequency range (millimeter wave/ higher microwave range), the inset feed MS-line dimension becomes as good as that of the patch, which makes it unrealizable. It also increases the undesired radiation from the feed structure. For overcoming this problem, in this paper, a method using a single and a pair of shorting posts for directly feeding HMSAs with 50Ω-MS-line has been presented. Additionally, this technique reduces the cross-pol levels. An effective dimension of the patch has been changed slightly with the use of shorted MS-line (without inset notch/width), which-in-turns slightly decrease the resonant frequencies of the patch. The patch centre has zero potential for the fundamental mode, which implies that by loading a shorting post at the centre of the patch, cannot change the fundamental mode frequency. Moreover, if the patch shorted at the centre, it originates another lower order mode which has a resonant frequency equal to FL [10] [11] [12] [13] [14] . This lower order mode frequency FL obtained due to quarter-wavelength, which includes the most considerable distance from the shorting post position to the diagonally opposite open end on the edge of an HMSA. When the shorting post located nearer to the edge of the HMSA, the maximum reduction in the FL was achieved. [2] , [7] .
III. A SINGLE SHORTING POST-50Ω-MS-LINE FED
Further study at FL is not incorporated in this paper. When shorting post is not at the centre of the patch, it changes the field distribution into the patch of the approximate fundamental TM11 mode and the presence of shorting post) the direction of the electric field vector remains the same, when the shorting post is used. Therefore, the polarization remains unaltered. Table II. In the broadside direction, the simulated and measured cross-polarization levels in E-plane of both the HMSAs are less than -40 dB. The simulated and measured values of the CTCRs of a single and the pair of shorting posts loaded HMSAs with 50Ω-MS-line-feed along both the axes are compared in Fig. 18 over the full angular range of -90º ≤ ϴ ≤ 90º. Further, Table III . This is a notable improvement in the value of CTCR as compared to that obtained from the inset fed HMSA as listed in Table I , as well as RMSA as reported in [10] [11] .
B. Distribution of current on the surface and radiation pattern
Among the two shorted HMSAs with the pair of shorting posts, the configuration which is fed along the Y-axis (Configuration C) has more suppression of CTCR as compared to that fed along the X-axis (Configuration D), because of improved transition at vertex feed and improved symmetry. 
